Previous in vivo and in vitro studies demonstrate that the angiotensin type 1 receptor rapidly desensitizes after exposure to angiotensin II (AngII). Behaviorally, this likely underlies the reduced drinking observed after acute repeated central injections of AngII. To date, this phenomenon has been studied exclusively in male subjects. Because there are sex differences in the dipsogenic potency of AngII, we hypothesized that sex differences also exist in desensitization caused by AngII. As expected, when male rats were pretreated with AngII, they drank less water after a test injection of AngII than did rats pretreated with vehicle. Intact cycling female rats, however, drank similar amounts of water after AngII regardless of the pretreatment. To probe the mechanism underlying this sex difference, we tested the role of gonadal hormones in adult and developing rats. Gonadectomy in adults did not produce a male-like propensity for desensitization of water intake in female rats, nor did it produce a female-like response in male rats. To test if neonatal brain masculinization generated a male-like responsiveness, female pups were treated at birth with vehicle, testosterone propionate (TP), or dihydrotestosterone (DHT). When tested as adults, TPtreated female rats showed a male-like desensitization after repeated AngII that was not found in vehicle-or DHT-treated rats. Together, these data reveal a striking sex difference in the behavioral response to elevated AngII that is mediated by organizational effects of gonadal hormones and provide an example of one of the many ways that sex influences the renin-angiotensinaldosterone system. (Endocrinology 159: 676-684, 2018) 
L ike many G-protein-coupled receptors, the angiotensin type 1 receptor (AT1R) desensitizes after repeated ligand exposure. For example, inositol trisphosphate (1) and calcium (2) responses are blunted after repeated angiotensin II (AngII). In primary cultures of subfornical organ neurons, repeated AngII abolishes calcium responses to subsequent AngII (3) . Functionally, these responses may be protective against hypertension. Indeed, the N111S/delta329 gain-offunction AT1R mutation is resistant to desensitization (4) , and transgenic mice expressing this mutant receptor have elevated systolic blood pressure and are hypersensitive to the pressor effect of AngII (5) .
The drinking response to AngII has served as an important model for the actions of AngII in the nervous system (6) (7) (8) . Using this model to study the behavioral effects of receptor desensitization, we and others demonstrated a reduced drinking response to test injections of AngII after pretreatments of AngII (9) (10) (11) (12) (13) (14) . To the best of our knowledge, however, all of the behavioral studies on this topic were conducted in male rats. It is, therefore, unclear if sex is a critical biological variable in the desensitization of AngII-induced water intake. This is an unfortunate oversight, especially given the important role that biological sex plays in other effects of AngII and, more generally, in cardiovascular health (15, 16) .
Sex influences the physiological and behavioral responses to AngII (15) (16) (17) (18) . For example, the pressor response to AngII is greater in male rodents than it is in females (19, 20) . Central injection of AngII stimulates more fluid intake in male rats than it does in female rats (21) , and estradiol (E2) only reduces AngII-stimulated water intake in females (22) . Given the important roles played by AngII in fluid homeostasis and cardiovascular health, these sex differences in AngII responses are likely related to sex differences in hypertension rates (16, 23) . Although no direct studies have been reported, there is some indirect evidence that a sex difference may exist in the response to repeated AngII. For instance, although levels of AT1R expression are similar in fluid intakerelevant areas of male and female brains (21) , notable sex differences have been reported in studies of mitogenactivated protein kinase (MAPK) expression and activity in the brain (24, 25) . Based on these findings and the requirement for MAPK in the behavioral desensitization of water intake after repeated AngII (9), we hypothesized that sex is a critical biological variable in AngII-induced desensitization of water intake. To test this hypothesis, we studied differences in the response to repeated AngII in male and female rats and evaluated the influence of gonadal hormones on both adult and neonatal rats. Drinking-microstructure analysis was conducted to provide insight into the nature of the desensitization of water intake.
Materials and Methods

Animals and housing
Male and female Sprague Dawley rats were used in the studies. Rats for most studies were purchased as adults from Envigo Laboratories (Indianapolis, IN). Rats used for neonatal hormone treatments were produced by breeding in our facility. All behavioral testing was conducted in rats that were 2 to 3 months old. Rats were maintained in standard rodent plastic shoebox cages until at least 1 week before behavioral testing when they were moved to singly housed hanging wiremesh stainless steel cages. Access to food (Teklad 2018; Harlan Laboratories, Indianapolis, IN) and tap water was ad libitum unless otherwise noted. Rats in two-bottle intake tests (experiment 1a) had access to an additional bottle containing a 1.5% saline solution. Vaginal cytology was monitored daily as previously described (21) , and cycle stage determination corresponded to a 12-hour dark phase and the following 12-hour light phase (i.e., estrus included the 12-hour dark phase when females are sexually receptive and decrease ingestive behaviors and the following 12-hour light phase). All testing occurred in home cages during the early light phase. Males and females were housed in separate colony rooms, but testing occurred concurrently. The temperatureand humidity-controlled colony rooms were maintained on a 12:12-hour light/dark cycle (lights on at 0800 hours). All experimental protocols were approved by the Animal Care and Use Committee at the University at Buffalo, and the handling and care of the animals was in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals.
Surgery
All animals underwent stereotaxic surgery to implant a chronic cannula aimed at the right lateral ventricle, following standard laboratory procedures described previously (21) . Female rats in experiments 2 and 4 were ovariectomized (OVX) immediately before cannula implantation using procedures described previously (26) . Male rats in experiment 3 were either castrated or received a sham surgery immediately before cannula implantation. Briefly, the abdomen was cut, and the testes were excised, clamped, and removed. Animals receiving sham surgery had the testes excised but then immediately placed back in the body cavity. All rats received a single injection of carprofen [subcutaneously (sc), 5 mg/kg; Pfizer Animal Health, New York, NY] after surgery to minimize pain and were given a bolus injection of isotonic saline (sc, 5 mL). One week later, accurate cannula placement was verified by measuring the drinking response to an injection of 10 ng AngII. Only rats that drank at least 6 mL in 20 minutes after AngII treatment were included in the study. Behavioral testing commenced 2 to 3 weeks after surgery. This time interval was chosen based on previous research demonstrating that endogenous hormones are no longer detectable during this period (27) (28) (29) .
Fluid intake measures
Total intake was calculated by weighing water bottles before and after each test. Licking behavior was monitored using a contact lickometer (designed and constructed by the Psychology Electronics Shop, University of Pennsylvania, Philadelphia, PA) that recorded individual licks. Home cages were affixed with an electrically isolated metal plate with a 3.175-mm-wide opening, through which the rat needed to lick to reach the drinking spout, minimizing the possibility of nontongue contact with the spout.
Experimental designs
Experiment 1: Do males and females have lower fluid intake after repeated exposure to AngII compared with vehicle-pretreated rats?
Food, water, and saline were removed from the animals' cages at the start of the experiment, and food was not returned until the end of the drinking test. Male (n = 17) and estrous female (n = 18) rats were treated with three separate injections of 300 ng AngII (Bachem Inc., King of Prussia, PA) or Trisbuffered saline vehicle spaced 20 minutes apart (pretreatment). Twenty minutes after the final pretreatment, all rats received injections of 100 ng AngII (test injection). Water and 1.5% saline were returned to the cages, and intakes were measured for 30 minutes (experiment 1a). Females in estrus were used because other sex differences in fluid intake are apparent during this stage of the cycle (30) . A separate group of male rats (n = 19) was tested using the same treatment, but only given access to water (experiment 1b).
Experiment 2: Do ovarian hormones cause the female-like resistance to desensitization of AngII-induced water intake?
OVX female rats were treated once a day for 2 days with either 20 mg estradiol benzoate (EB) or peanut oil vehicle (0.1 mL, sc). Forty-eight hours after the second injection, rats received an additional injection of either oil vehicle or 500 mg progesterone (P). This resulted in the following groups: oil (n = 16), EB only (n = 18), or EB+P (n = 18). Four hours after the last injection, food and water were removed from the cages, and rats from each hormone group were divided into subgroups receiving pretreatment injections of vehicle or AngII, followed by a test injection, after which water was returned, and intake was measured for 30 minutes.
Experiment 3: Does castration cause a female-like resistance to desensitization of AngII-induced water intake?
On the test day, food and water were removed from the animals' cages. Castrated (n = 18) and sham (n = 20) males underwent the desensitization protocol, with half of the animals in each surgery group receiving an AngII pretreatment and the other half given a vehicle pretreatment. All rats then received a test injection of AngII, after which water was returned, and intake was measured for 30 minutes.
Experiment 4: Do organizational effects of gonadal hormones mediate the sex difference in the desensitization of water intake?
Sixteen breeding pairs were mated. On the day of birth, the dam was removed from her cage, and the female pups were treated with 0.05 mL peanut oil vehicle (n = 32), 250 mg testosterone propionate (TP; Sigma-Aldrich, St. Louis, MO; n = 49), or 250 mg dihydrotestosterone (DHT; Steraloids Inc., Newport, RI; n = 27). All male pups were injected with vehicle (n = 114). Animals were tattooed on either the front or back paw for treatment group identification before the dam was returned to the cage. Twenty-four hours later, pups received a second hormone injection. Rats were weaned on postnatal day 23. Out of the 221 pups born, 189 survived to weaning. At approximately postnatal day 70, a subset of males (n = 13) and all female rats were implanted with a lateral ventricle cannula, and female rats were OVX. After a 2-week recovery period, animals underwent the desensitization protocol, with half of the animals in each neonatal hormone group receiving pretreatment injections of AngII and the other half receiving vehicle injections. All rats received a test injection of AngII before water was returned. Intake was measured for 30 minutes.
After behavioral testing, females and a subset of males (n = 11) were lightly anesthetized with isoflurane and decapitated. The brains were submersion fixed in acrolein for 24 hours, transferred to 20% sucrose for 48 hours, and then cut into 40-mm sections on a freezing microtome. All sections then were mounted on slides, Nissl stained with cresyl violet, and cover slipped. Sections containing the preoptic area were evaluated. The suprachiasmatic nucleus was used as a landmark to identify the level of the sexually dimorphic nucleus of the preoptic area (SDN-POA). The area of the SDN-POA in each section containing the structure was measured using NIS-Elements (Nikon Instruments Inc., Melville, NY) by an experimenter unaware of the sex and treatment condition of the rat. The four largest hemisections were averaged to produce a single data point for each rat. The measurement procedure was repeated two to four times per rat and averaged to minimize measurement error.
Statistical analysis
Lick data were processed in a MATLAB (MathWorks, Natick, MA) software environment before being ported to Excel (Microsoft, Redmond, WA) for final analysis. A burst was defined as a series of at least two licks with an interlick interval ,1 s. Burst size was defined as the number of licks within a given burst. Statistical analyses were performed using Statistica (StatSoft, Tulsa, OK). In experiment 1a, water intake, saline intake, burst size, and burst number were each analyzed using a two-way analysis of variance (ANOVA; sex 3 pretreatment). In experiment 1b, t tests were used to analyze water intake, burst size, and burst number. In experiments 2 to 4, water intake was analyzed using a two-way ANOVA (surgical and/or hormone group 3 pretreatment). A one-way ANOVA was used to analyze SDN-POA size. In experiment 2, changes in body weight were determined by comparing weight on the first and fourth day of testing using a one-way ANOVA to test for group differences. The t tests were used to analyze burst size and burst number for experiment 4. Newman-Keuls post hoc or t tests using a Bonferroni-corrected P value were used throughout to further probe statistically significant (P , 0.05) main or interaction effects.
Results
Water intake was measured after repeated injections of AngII in males and estrous females to test for a sex difference in the desensitization of water intake previously observed in male rats (9) (10) (11) (12) (13) (14) . We found a significant main effect of sex (F 1,31 =19.47; P , 0.001) and pretreatment (F 1,31 = 22.74; P , 0.05) and an interaction of sex and pretreatment (F 1,31 = 15.74; P , 0.001; Fig. 1A ). Post hoc testing of these effects found that male rats pretreated with AngII drank less water than did vehicle-pretreated males (P , 0.05). Pretreatment had no effect, however, on water intake by female rats. Analysis of saline intake found a main effect of pretreatment (F 1,31 = 4.20; P , 0.05), but did not detect a main effect of sex (F 1,31 = 0.23; P = not significant) or an interaction (F 1,31 = 2.52; P = not significant; Fig. 1B) .
Licking patterns were analyzed to further probe the differences in intake. We did not find differences in burst number for water [no main effects of sex (F 1,31 = 0.02; P = not significant) or pretreatment (F 1,31 = 3.11; P = not significant) and no interaction (F 1,31 = 0.01; P = not significant; Table 1) ]. Analysis of burst number for saline did not find a main effect of sex (F 1,31 = 0.19; P = not significant) or an interaction (F 1,31 = 0.01; P = not significant) but did detect a main effect of treatment (F 1,31 = 4.77; P , 0.05; Table 1 ) in which an AngII pretreatment was associated with increased burst number for saline. Analysis of burst size also found no main effect of sex (F 1,31 = 1.01 to 1.46; P = not significant) or pretreatment (F 1,31 = 0.05 to 2.24; P = not significant), nor did it find interaction between sex and pretreatment (F 1,31 = 0.03 to 2.22; P = not significant; Table 1 ).
To remove the potential for saline intake to confound the water intake data, we repeated the experiment in a new group of male rats but did not offer any saline to drink. In a single-bottle test, male rats pretreated with AngII drank less water than did male rats pretreated with vehicle (t 17 = 5.91; P , 0.001; Fig. 1C ). Technical difficulties in data acquisition prevented licking analysis from some rats, but analysis of available data (n = 4 to 7 per group) found that the decreased drinking in the AngIIpretreated rats was a function of fewer bursts (t 9 = 4.37; P , 0.005; Fig. 1D ), without statistically significant differences in burst size (t 9 = 1.92; P = not significant; Fig. 1E ).
Ovarian hormones were manipulated to determine if activational effects of E2 and/or P prevents AngII-induced behavioral desensitization in females. OVX rats did not show desensitization after an AngII pretreatment, and restoration of ovarian hormones did not alter the lack of a response. ANOVA found no main effect of hormone (F 2,46 = 1.52; P = not significant), pretreatment (F 2,46 = 1.09; P = not significant), or an interaction between the two (F 2,46 = 0.41; P = not significant; Fig. 2A ). As expected, hormone treatment significantly influenced body weight (F 2,49 = 46.55; P = 0.01), indicating an otherwise effective treatment. The EB and EB+P groups lost ;10 g across the 4-day test period, whereas the oil group gained ;10 g (data not shown).
Experiment 3: Does castration cause a female-like resistance to desensitization of AngII-induced water intake?
We next hypothesized that testosterone, in the adult animal, was responsible for the male-like capacity to show desensitization after an AngII pretreatment. To test this hypothesis, we castrated male rats and, after providing time for the clearance of gonadal steroids, tested them using the desensitizing protocol. We did not find any effect of the surgical manipulation (F 1,34 = 0.78; P = not significant), but did find a persistent effect of the pretreatment (F 1,34 = 7.5; P , 0.01), with no surgery pretreatment interaction (F 1,34 = 0.16; P = not significant; Fig. 2B ).
Experiment 4: Do organizational effects of gonadal hormones mediate the sex difference in the desensitization of water intake?
The results of experiments 2 and 3 indicate that adult gonadal hormones are not altering the responsiveness to the desensitizing pretreatment, but neither experiment tested for organizational effects of hormones in the development of the sex difference observed in experiment 1. To test for organizational effects, we treated female pups with vehicle, TP, or DHT at birth. This treatment is an established means to at least partially masculinize the female brain (31) . Out of 90 female rats at weaning, 64 were used in an experiment testing for desensitization after an AngII pretreatment (vehicle, n = 22; TP, n = 25; DHT, n = 17). A subset of rats were excluded for several reasons including surgical death, incorrect cannula placement, lost head stages, or failure of TP treatment (discussed later). The experiment found that female rats treated with testosterone at birth showed a male-like propensity for desensitization. an AngII challenge than did vehicle-pretreated rats, but pretreatment did not affect intake female rats. (B) Regardless of sex, saline intake was greater in rats pretreated with AngII than it was in vehicle-pretreated rats. Data from males and female are shown separately and shown collapsed to illustrate the main effect detected by ANOVA. (C) The difference shown in (A) was also found when rats were only given water to drink, and (D) analysis of licking behavior found fewer bursts of licking in rats pretreated with AngII, (E) without a statistically significant effect on the average number of licks per burst (burst size). *Different from vehicle pretreatment; P , 0.05.
Specifically, ANOVA did not show main effects of neonatal hormone treatment (F 2,58 = 0.58; P = not significant) or pretreatment (F 1,58 = 0.3.37; P = not significant), but did reveal an interaction effect (F 2,58 = 3.39; P , 0.05; Fig. 3A) . Planned comparisons using t tests with Bonferroni-corrected critical values showed that the interaction was driven by a statistically noteworthy desensitization in TP-treated rats, but not in rats given oil or DHT at birth. Similar to the finding in male rats, drinking-microstructure analysis found that the reduction in water intake in the TP-AngII pretreatment group was a function of fewer bursts (T 21 = 2.47; P , 0.05; Fig. 3B ) with no difference in burst size (T 21 = 1.68, P = not significant; Fig. 3C ). This analysis excluded two rats, one of which was excluded after outlier testing (.2 standard deviations from the mean) and the other because of technical difficulties in the data acquisition phase. As a basis of comparison, and to control for in house breeding and postbirth handling, a subset of male rats that were injected with oil at birth were tested for desensitization. Consistent with the results using male rats purchased as adults, the oil-treated male rats pretreated with AngII drank less than did vehicle-pretreated rats (T 11 = 2.97; P , 0.05; data not shown).
As a verification of effective neonatal hormone treatment, we measured SDN-POA area in Nissl-stained brain sections. SDN-POA size was larger in TP-treated brains than it was in oil-or DHT-treated rats (F 3,68 = 24.13; P , 0.01; Fig. 4A ; data presented as percent change from oil treatment), but was smaller in TP-treated females than it was in oil-treated males. As alluded to previously, two TP-treated subjects were excluded from the analyses given previously because they lacked a detectable SDN-POA. Representative SDN-POA images are presented in Fig. 4B-4D . In addition, to the size of the SDN-POA, measurements of body weight confirmed the partial masculinization by the neonatal hormone treatments. Specifically, rats treated with TP at birth weighed more in adulthood (day 60) than did oil-and DHTtreated rats, but weighed less than oil-treated male rats (F 3,71 = 77.80; P , 0.01; data not shown).
Discussion
Male rats show a reduced drinking response to AngII after acute repeated injections of AngII (9) (10) (11) (12) (13) (14) . The present experiments show that this effect is sexually dimorphic and most likely the result of organizational actions of gonadal hormones. Specifically, we replicated the earlier findings that male rats show a rapid desensitization after acute AngII and extended this to show Figure 2 . Activational effects of gonadal hormones do not mediate the sex difference in the desensitizing effect of AngII pretreatment. (A) Water intake in AngII-pretreated female rats was not different from intake in vehicle-pretreated rats regardless of hormone manipulation. (B) Regardless of surgical status, water intake was lower in male rats pretreated with AngII than it was in vehiclepretreated rats. Data from both surgical conditions are shown separately and shown collapsed to illustrate the main effect found by ANOVA. *Less than vehicle pretreatment, P , 0.05. that it is a male-specific phenomenon; female rats in estrus did not show the male-like desensitization. Because female rats in other stages of the estrous cycle were not tested, we cannot be certain that a male-like pattern would not emerge outside of estrus, but removal of ovarian hormones by OVX failed to generate a male-like desensitization. Therefore, we predict that the lack of a male-like desensitization response would persist throughout the estrous cycle. Rather than being a function of adult hormones, our studies indicate that the ability of AngII to produce desensitization of the drinking response is organized in males early in life. In these studies, female rats that were partially masculinized at birth by two injections of TP showed a reduced drinking response after repeated AngII in adulthood. Thus, the present findings add to a growing list of physiological and behavioral responses to AngII that show sex dependence (19, 21) and show that this difference is mediated by organizational effects of gonadal hormones. Given the critical role of AngII in body fluid homeostasis and the sex difference in cardiovascular diseases in humans (23), the present data could prove relevant to disparities in human health. There are several ways hormones and nonhormonal factors can cause sex differences in physiology and behavior. This study revealed that organizational, but not activational, effects of gonadal hormones underlie the sex difference in the behavioral desensitization of water intake after repeated AngII. A male-like pattern of intake was observed when females were treated with TP at birth. Similar results were not observed in rats neonatally treated with DHT. Because DHT is not aromatized into an estrogen (32) , this result suggests that estrogen receptors are orchestrating the organizational brain architecture that underlies this sex difference, but future studies using neonatal rats treated with E2 will be necessary to test this hypothesis. Nevertheless, the behavioral results parallel the SDN-POA measures, which were consistent with previous studies showing that acute TP increases the size of the structure (but not reaching the size observed in male rats; a more complete masculinization requires prolonged TP) and that DHT is ineffective because of the requirement for estrogen receptor activation (31, (33) (34) (35) (36) . In this respect, it is striking that our studies found a male-like pattern of intake in female rats treated with TP at birth, in spite of the partial masculinization of the SDN-POA and body weight.
The specific mechanism underlying the sex difference in the present studies remains to be determined, but differences in cell signaling could be a reasonable target for future studies. Specifically, there are organizational sex differences in the expression and activation of MAPK (37, 38) . For example, regardless of adult hormone status, phosphorylated MAPK levels in the anteroventral periventricular nucleus are higher in male mice than they are in female mice (37) . Because activation of MAPK is critical for the desensitization of water intake after repeated AngII (9) , it seems reasonable to hypothesize that inadequate MAPK activation in the lamina terminalis of females is an underlying cause of this sex difference. Accordingly, targeting this signaling pathway is a logical starting point for future research. Fig. 1, (B) the lower intake after an AngII pretreatment was associated with a statistically noteworthy lower burst number, (C) without a statistically noteworthy change in burst size. *Less than vehicle pretreatment, P , 0.05.
The sex difference in desensitization is open to interpretation in terms of the direction of the effect. From one perspective, the difference can be viewed as a resistance to desensitization in females. This blunted response to AngII is consistent with previous studies (19, 21) . From another perspective, the lack of desensitization could be due to a floor effect, arising from females being in a state of perpetual (and maximal) desensitization. This is supported by the present data, showing that desensitized male rats drank similar amounts as did control and AngII-pretreated females. The sex difference in the present results is clear, nevertheless, but future research is needed to understand mechanistic differences in the development of desensitization, to better understand if it is chronically engaged or resistant to engagement in females.
In addition to the discovery of sex differences described in this study, our results add new information to our understanding of desensitization in male rats. Analysis of lick patterns for water revealed a marked decrease in burst number with no change in burst size. This suggests that the decrease in water intake after an AngII pretreatment is mediated by changes in postingestive feedback and not changes in orosensory feedback (39, 40) . Consistent with this finding, similar patterns of intake were observed in female rats treated with TP after birth. We also observed an increase in saline intake after repeated injections with AngII. Our previous report suggested a trend for increased saline intake that failed to reach statistical significance (12) . Similar to water intake, the increase in saline intake was mediated by an increase in burst number with no change in burst size, again suggesting changes in postingestive feedback contribute to this difference in behavior. Future studies are needed to identify the postingestive signals that underlie the behavioral desensitization of water intake.
The present results broaden our understanding of the diverse mechanisms by which sex affects the reninangiotensin-aldosterone system (RAAS). The results described in this study point to organizational effects of gonadal hormones on the behavioral desensitization of water intake after repeated central AngII. Activational effects have been observed in studies showing that the pressor response to AngII is greater in males than in females (19, 20) . The sex difference in this case is likely due to activational effects because OVX abolishes the sex difference that can be reinstated with E2 treatment in females, and E2 inhibits the pressor response in males (20, 41, 42) . Other aspects of RAAS function are influenced by a more complicated interaction of both organizational and activational effects. Specifically, phasic E2 reduces AngII-stimulated water intake only in animals organized to be in the female state (22) . Finally, the sex difference in the incidence of AngII-induced abdominal aortic aneurysms is mediated, at least in part, by presence of a Y chromosome (43) . Together, these findings demonstrate the remarkable complexity of mechanisms by which sex modulates the RAAS and highlights the challenges faced when trying to form a complete understanding of sex differences in cardiovascular function.
In summary, this series of experiments demonstrates that the behavioral desensitization of water intake after repeated AngII exposure is sexually dimorphic and that organizational effects of gonadal hormones contribute to this sex difference. The results reveal a male phenotype that is able to show desensitization and a female phenotype that is either resistant to desensitization or already in a state of desensitization. Furthermore, the detailed analysis of licking behavior suggests that the desensitization in the male-like condition involves enhanced postingestive feedback that reduces intake. Future studies are needed to identify the precise postingestive signals involved and how these signals, or receipt of these signals, differs in male and female brains. Furthermore, organizational effects of gonadal hormones can now be included with activational (20, 42, 44) , organizational plus activational (22) , and sex chromosome compliments (43) as a mechanism by which sex regulates the RAAS. These results will ultimately help contribute to a complete understanding of the differences in AngII signaling between in males and females and could reveal important differences that contribute to sex-based disparities in cardiovascular disease. oil-treated male rat is also shown. *Greater than all other groups, P , 0.05. Scale bar, 500 mm. f, fornix; sm, stria medularis.
